Caffeine, theophylline, theobromine, and developmental growth of the mouse mammary gland.
The purpose of this study was to determine the comparative activities of three methylxanthines, i.e., 1,3,7-trimethylxanthine (caffeine), 1,3-dimethylxanthine (theophylline), and 3,7-dimethylxanthine (theobromine) on developmental growth of the mammary gland in ovarian-hormone treated, mature nulliparous female Balb/c mice. When caffeine or theophylline was administered daily (via drinking water, 500 mg/L) for 30 days to 17 beta-estradiol/progesterone-treated intact or ovariectomized mice, a significant (p less than 0.05) enhancement of hormone-induced mammary gland lobulo-alveolar differentiation was observed. Caffeine or theophylline thus accelerated and/or intensified mammae lobulo-alveolar differentiation induced by the ovarian steroids. In contrast, theobromine (500 mg/L drinking water) did not significantly modify this developmental process. The stimulatory effect of caffeine and theophylline on mammae development was comparable quantitatively. In an effort to determine whether or not the stimulatory effect of caffeine or theophylline was directly on the mammary gland, small slow-release Elvax-40P pellets containing these methylxanthines were implanted directly into the mammary gland of mice concurrently treated with estrogen and progesterone. No significant stimulatory effect of caffeine or theophylline (or theobromine) was observed. Furthermore, the addition of methylxanthines (caffeine, 100 microM) to the culture media of whole mouse mammary glands (organ cultures) did not enhance lobulo-alveolar differentiation induced by mammotrophic hormones. Thus, while a consistent significant stimulatory effect of caffeine and theophylline on mammary lobulo/alveolar differentiation was observed when the methylxanthines were consumed orally (drinking water), no direct effect of these methylxanthines, when placed directly into the mammary gland or in culture media, on mammae development was observed. These data demonstrate that certain methylxanthines (e.g., caffeine and theophylline) but not others (e.g., theobromine) can significantly enhance mammotrophic hormone-induced mammary lobulo-alveolar differentiation in female Balb/c mice, an effect that appears not to be manifested via a direct action of the methylxanthines on the mammary gland.